Abstract-The structure and conformational properties of star shaped oligostyrenes containing fullerene C 60 as a branching center and short arms with lengths at the level of the persistent length or a segment of a poly styrene chain are studied by small angle neutron scattering in deuterotoluene. The gyration radii of linear precursor oligomers (~0.4 and 0.6 nm) and corresponding star shaped molecules (~1.1 and 1.4 nm) are cal culated under the Guinier approximation. The linear oligomer (4-5 units) is found to be a rodlike molecule; arms of star shaped molecules based on it assume the straightened conformations as well. Linear oligomer chains composed of 6-7 units deviate from the rodlike shape and acquire a certain flexibility in solution, but oligomer chains grafted onto the C 60 center preserve the extended conformations. There is no marked ten dency toward screening of fullerene by radially extended arms. The number of branches in the star shaped oligostyrenes corresponds to a functionality of f = 6 preset by the conditions of synthesis.
INTRODUCTION
Star shaped polymers of a regular chemical struc ture show promise as a basis for materials with a highly ordered morphology (substrates for cell cultivation in genetic engineering, chemical sensors, photonic crys tals, pervaporation membranes, etc.). These polymers have been the subject of many publications, most of which were considered in reviews [1] [2] [3] . The structure of star shaped macromolecules, their conformations, and distributions of units in arms around the center are controlled by a number of factors (the functionality of a center, the molecular mass and content of a polymer in solution, and the thermodynamic quality of the sol vent); in the case of a large amount of arms (f ~ 100), these properties obey the theory [4, 5] relying on scal ing ideas [6] , which was verified experimentally [7] .
However, analysis of the structure of star shaped polymers and comparison with the theory have been hampered by the circumstance that the research objects of most experimental studies are polydisperse with respect to molecular mass and branching degree and the molecular mass characteristics and the degree of structural regularity of these samples are not always known. As a result, tasks related to creation of model objects of a predetermined chemical structure are of 1 This work was supported by the Russian Foundation for Basic Research, project no. 10 03 00191a.
both practical and theoretical importance for gaining insight into the common relationships governing the behavior (self organization) of complex polymer nanostructures. Regular star shaped fullerene containing PSs belong to the objects of this kind. Their synthesis is based on anionic polymerization mechanisms and the use of specific properties of fullerene С 60 , such as the ability to add regioselective nucleophilic agents (liv ing anionic polymers) [8] [9] [10] [11] [12] . Controlled anionic polymerization processes make it possible to obtain almost monodisperse polymers (M w /M n < 1.1) with desired molecular mass characteristics, and their degree of polymerization may be varied from several to several thousand.
Six arm PS stars with C 60 branching centers were synthesized and studied by the methods of light and neutron scattering [13] . The degree of polymerization of an arm was varied (in the range 10 1 -10 3 ) to charac terize the structure and behavior of star shaped PSs as a function of the size of macromolecules in dilute and semidilute solutions (in D toluene and other sol vents), to determine the structural factor of systems, and to correlate the obtained data with the DaoudCotton structural model [4] in terms of the neutron scattering theory [14] . In the lower limit of a wide molecular mass range, the authors of [14] did not plan to deal with styrene oligomers with the C 60 branching center. Nevertheless, to gain a comprehensive idea of the dependence of the evolution of the structural proper ties of fullerene containing PSs on molecular mass, it is necessary to study oligomers, beginning from the levels of the persistent length and a segment. This was the goal of this study. Its first part concerns the targeted synthesis of fullerene containing PSs which, owing to small size and the high symmetry of the C 60 branching center, can create molecules approaching the "ideal" models of star shaped polymers (although, because of experimental difficulties, preparation of the specified structures is not always possible). As was found in [15] , fullerene containing PSs with the single C 60 center and the molecular mass of an arm varying within (3.5-100) × 10 3 are predominantly six arm (functionality f~ 6). However, as the length of the arm increases (М = 200 × 10 3 or above), the number of branches decreases to f = 5.1 owing to side (deactivation) pro cesses giving rise to stars with a number of rays of f = 4, 5, and 6). As was shown in [15] [16] [17] [18] , fullerene containing PSs with different structures of cores (one-two C 60 molecules) and numbers of branches (6, 12, and 22) in dilute solutions (benzene, toluene, chloroform, and THF) have different hydrodynamic radii, translational mobilities, and intrinsic viscosities, depending on the architecture of molecules of fullerene containing PSs. Oligomeric fullerene con taining PSs with a low polymerization degree of arms (P ∼ 4-10) have not yet been studied. Oligomeric stars, the adducts of fullerene with living oligostyril lithium (OSL) containing C 60 -Li centers in the active state, may be used as low molecular mass polyfunc tional initiators for the synthesis of polar star shaped polymers. At present, only tri and tetrafunctional low molecular mass anionic initiators are known [19] [20] [21] ; in oligomeric stars of fullerene containing PSs, func tionality may attain a value of 6. Therefore, the struc tural study of oligomeric fullerene containing PSs is of considerable interest. With respect to oligomers, the experimental potential of hydrodynamic methods is limited. In this paper, the structure and conformations of oligomeric fullerene containing PSs were investi gated by the method of small angle neutron scattering.
EXPERIMENTAL

Synthesis of Polymer Samples
OSL samples (linear precursors with polymeriza tion degrees of ~4 and 10) used subsequently as arms in star shaped fullerene containing PSs were synthe sized via the anionic polymerization of styrene in ben zene at room temperature (the reaction of sec butyl lithium with styrene) at preset monomer to initiator ratios. Star shaped oligomeric fullerene containing PS samples were prepared via the grafting of fullerene C 60 with OSL chains at OSL : C 60 = 6 : 1 in a benzenetoluene mixture at room temperature, as described in [9, 11] .
Polymerization processes and reactions were con ducted in a special high vacuum (10 -6 mmHg) all glass apparatus with breakable thin walled partitions. The solutions of the resulting linear and star shaped oligomers were repeatedly washed with water to remove the product of reaction, LiOH. The solvent was recondensed in vacuum. Oligomers and fullerene containing PSs were dried in vacuum to a constant weight.
Neutron Scattering Studies
Neutron scattering measurements were performed for linear oligomers with polymerization degrees of 4 (M ~ 400) ( Table 1 , sample 1) and ~10 (M ~ 1000) (sample 3) and corresponding star shaped fullerene containing PSs (samples 2, 4). The functionality of branching of fullerene containing PSs was set by the conditions of synthesis to be 6. Solutions of linear pre cursors and fullerene containing PSs that were used for neutron scattering experiments were prepared at 20°С and allowed to stay for a day until the equilibrium state was attained. Experiments on neutron scattering from the protonated PS were conducted in deuterotol uene, which is a good solvent for PS and provides a high scattering contrast of ΔK PS = -4.3 × 10 10 cm -2
. The concentration of oligomeric PS samples (a degree of polymerization of P ~ 4) in solution was с = 2 g/dL; for longer chains (P ~ 10) с ~ 1 g/dL. In the case of star shaped fullerene containing PSs, the concentration was с~ 1 g/dL. In such diluted systems, in which the concentration of oligomers was an order of magnitude lower than the overlap threshold of molecules, scatter ing from individual species was predominantly observed at the minimum intermolecular interference.
Small angle neutron scattering was measured at 25°С on a Yellow Submarine diffractometer (Budap est Neutron Centre, Hungary); the range of momen tum transfers was q = (4π/λ)sin(θ/2) = 0.08-4.5 nm -1 , where θ is the scattering angle, the wavelengths are λ = 0.386 and 0.752 nm, and the spectral width is Δλ/λ = 0.1. The momentum transfer interval corresponded to the scale range 1/q ~ (0.2-13) nm, that is, beginning from the size of the chain unit to the diameter of the oligomer molecule or larger. The intensity of scatter 
